A highly efficient and environmentally benign protocol for the synthesis of 2-amino-7-hydroxy-4-aryl-4 Hchromene-3-carbonitrile derivatives in good to high yields (77%-97%) by one-pot three-component coupling reaction of aromatic aldehydes, malononitrile, and resorcinol under reflux condition was developed in aqueous media using ZnO nanoparticles that were prepared in the presence of mulberry leaf extract under mild conditions.
Introduction
Heterocyclic compounds containing chromene moieties are of considerable interest as they are a class of natural and synthetic compounds that possess a great variety of biological and pharmaceutical activities.
1,2 These scaffolds are more privileged when they join with rigid hetero ring systems and/or other chemical functional groups. Obviously, functionalization of chromene derivatives has played an ever increasing role in the synthetic approaches to promising compounds in the field of medicinal chemistry. On the other hand, functionalized chromenes appeared as an important structural component in both biologically active and natural compounds. 3−5 For example, some interesting molecules with a chromene framework joined with different functional groups displaying rich medicinal chemistry and numerous applications due to their antiinflammatory, antioxidant, anti-HIV, antibacterial, and analgesic properties. 6−13 Among them, chromenes with cyano-functionality have potential applications in the treatment of rheumatoid and psoriatic arthritis and cancer.
14 In addition, they are applicable as laser dyes, 15 optical brighteners, 16 and pigments. 17 Consequently, several methods have been reported for preparation of chromene derivatives involving multicomponent reaction of aldehydes, malononitrile and β -keto esters, diverse enolizable C-H activated acidic compounds, phenols, and α -and β -naphthols.
18−23 To achieve this aim, several methods using different homogeneous and heterogeneous catalysts were explored. These methods have the advantages of high yields and mild reaction conditions and some disadvantages of using toxic solvents and expensive catalysts. However, the discovery of new synthetic methodologies that facilitate the preparation of organic compounds is of great interest. One approach to address this challenge involves the development of new synthesized environmentally friendly catalysts to catalyze the reaction.
Therefore, as a part of our incessant efforts on the use of heterogeneous catalysts in multicomponent * Correspondence: akbar mobini@yahoo.com reactions, the scope of the present work was extended to the multicomponent condensation reaction of aldehydes, resorcinol, and malononitrile to afford 2-amino-7-hydroxy-4-aryl-4H -chromene-3-carbonitrile derivatives.
Comparatively few methods have been described for the synthesis of 2-amino-7-hydroxy-4-aryl/alkyl-4H -chromene-3-carbonitriles applying the use of potassium phthalimide-N-oxyl, 18 2,2,2-trifluoroethanol, 19 Fe 3 O 4 -chitosan nanoparticles, 22 and MgO.
23
The application of ZnO as a catalyst in organic transformations was found to be of increasing interest due to the high effectiveness of ZnO to act as a good Lewis acid in organic synthesis. ZnO has been used as a catalyst in various organic transformations such as 2-aryl-1,3-benzothiazoles and 1,3-benzoxazoles synthesis; 
Results and discussion
ZnO nanoparticles were synthesized via a simple precipitation method using extract solution of mulberry leaves and ZnCl 2 . The procedure is simple and the method is green and environmentally friendly.
Field emission scanning electronic microscopy (FE-SEM) was used to study the morphology of the surface of the ZnO nanoparticles ( Figure 1 ). The analysis of the picture obtained shows clearly that the surface of the as-prepared ZnO nanoparticles has a relatively homogeneous microstructure made up of spheres or quasispheres of various sizes and forms. The sample forms irregular grains with a minimum size of 40 nm. It is evident that the organic compounds present in the extract might have capped and stabilized the nanoparticles during their formation and thus particles are smaller, well-dispersed, and almost spherical (Figures 1a and 1b) . On the other hand, when the ZnO nanoparticles are formed without using the extract, particles are bigger and do not have homogeneous shapes (Figures 1c and 1d ). Amino ethanol acts as precipitant agent but it is noteworthy that the influence of the extract and precipitant agent together led to the formation of smaller nanoparticles.
Statistical analysis was performed on the FE-SEM image to obtain information about the particle size distribution of the sample ( Figure 2 ). It was revealed that the diameters of the sample were in the range of 20-160 nm with an average particle size of about 90 nm for the sample prepared via mulberry leaf extract ( Figure 2a ) and an average particle size of about 120 nm for the sample prepared without extract (Figure 2b) . A comparison between the particle size distribution of the ZnO nanoparticles clearly shows that the use of extract led to the formation of particles smaller than without use of extract. Figure 3 shows the elemental analysis of ZnO nanoparticles exposed by EDX analysis. The EDX analysis shows that the compound consists of two elements, zinc and oxygen, and there are no other elemental impurities present in the synthesized ZnO nanoparticles.
In order to examine the catalytic activity of ZnO nanoparticles for preparation of chromenes (Scheme 1), a mixture of resorcinol (1 mmol), malononitrile (1 mmol), and benzaldehyde (1 mmol) was stirred in water under different conditions over ZnO nanoparticles catalyst. No other additive was necessary to promote the reaction. The use of commercial ZnO gave the product (40%), which was lower than that of ZnO nanoparticles (93%). Optimization was carried out with variation in the reaction temperature, medium, and catalyst amount. The results are summarized in Table 1 . No product was observed at room temperature. As the temperature increased the conversion rate of the product increased as well. This could be due to the providing of the activation energy needed for the reaction conversion, resulting in the formation of 2-amino-7-hydroxy-4-phenyl-4H-chromene-3-carbonitrile. At 80
• C, the reaction proceeded smoothly and almost complete conversion of product was observed. Therefore, we kept the reaction temperature at 80
• C (giving shorter reaction time and higher yield). The difference in the results indicated the influence of solvent on the reaction mechanism. No yield was obtained in nonpolar solvents or under solvent-free conditions. Polar aprotic solvents like CH 3 CN and DMSO afforded low yields. The highest yield of product was achieved in aqueous conditions. The next reaction was done using various amounts of catalyst loading. The optimal catalyst amount was 0.4 mmol. The use of smaller amounts of ZnO afforded inferior product yield (Table 1) . On the other hand, the use of higher quantities of ZnO did not provide any significant advantage in increasing the reaction yield (Table 1) .
To study the scope and limitations of this procedure, a series of experiments were carried out using a variety of aromatic aldehydes. The results are presented in Table 2 . The reactions worked well with almost all the aldehydes. However, aromatic aldehydes bearing electron withdrawing groups and no steric hindrance showed better reactivity and the reactions were completed in shorter times. The recyclability study of the catalyst showed that the catalyst could be reused without any significant loss in its activity. The condensation reaction of resorcinol, malononitrile, and 3-nitrobenzaldehyde was chosen as a model of the reaction for the recovery investigations. The catalyst was recovered four times by simple filtration and washed with acetone and dried in an oven each time. The results are given in Table 3 . The recovery samples showed similar activity to fresh samples, albeit with a loss of ZnO during recovery. In order to investigate the role of ZnO as catalyst in the reaction, IR spectra of fresh and recovered catalyst were obtained.
The absorption bands located at around 430 and 493 cm −1 are characteristic of Zn-O bond absorption. 33 The IR spectra showed that the catalyst can be efficiently recovered from the reaction mixture and no change in the structure of ZnO occurred. Taking into consideration the reported literature, a plausible reaction mechanism is outlined in Scheme 2. At first, aldehyde (1) was activated by ZnO to generate 2-arylidenemalononitrile (3), which formed by condensation reaction of activated aldehyde with malononitrile (2). 2-Arylidenemalononitrile after activation with ZnO underwent nucleophilic attack by resorcinol (4) to generate active intermediates (5), which simultaneously aromatized (6), activated, and underwent cyclization (7) to form the final product (7), and ZnO was recovered from the reaction mixture. A relative study was executed for the use of ZnO nanoparticles with some of the reported literature for the synthesis of 2-amino-7-hydroxy-4-aryl-4H -chromene-3-carbonitrile derivatives (Table 4 ). The results showed that ZnO is comparable with other catalysts in terms of time and yield of the reaction product and could be considered an environmentally friendly catalyst.
In summary, a high yielding one-pot condensation reaction of resorcinol, aromatic aldehydes, and malononitrile for the synthesis of 2-amino-7-hydroxy-4-aryl-4H-chromene-3-carbonitriles was developed. ZnO nanoparticles prepared via a green method were used in catalytic quantities. Various aromatic aldehydes afforded the corresponding products in high yields. The main advantage of the present work is the use of a new method for the preparation of ZnO nanoparticles via green biosynthesis. 
Experimental
All reagents were purchased from Merck and Aldrich and used without further purification. FE-SEM images were obtained on a HITACHI S-4160. The NMR spectra were recorded on a Bruker Avance DPX 400 MHz instrument. The spectra were measured in DMSO-d 6 relative to TMS (0.00 ppm). Melting points were determined in open capillaries with a BUCHI 510 melting point apparatus. TLC was performed on silica gel Polygram SIL G/UV 254 plates. IR spectra were recorded on a Galaxy 5000 FT-IR spectrophotometer. All of the compounds were solid and solid state IR spectra were recorded using the KBr disk technique.
Preparation of ZnO nanoparticles
At first, 20 g of mulberry leaves were ground and inserted in a 250 mL balloon flask containing 150 mL of deionized water and 50 mL of ethanol. The mixture was refluxed for 4 h and the extract was filtered to remove unnecessary substances. Next two different solutions were prepared: Solution A: To a solution of ZnCl 2 (50 mmol) in 100 mL of water, mulberry leaf extract (50 mL) and n-hexane (100 mL) were added; Solution B: a solution of 2-amino ethanol (150 mmol) in 50 mL of mulberry leaf extract. Solution B was poured into solution A slowly and dropwise under vigorous magnetic stirring and the resulting precipitate was filtered, washed with water several times, dried, and calcinated at 500 • C for 2 h.
General procedure for synthesis of 2-amino-7-hydroxy-4-aryl-4H -chromene-3-carbonitriles
A mixture of aldehyde (1 mmol), resorcinol (1 mmol), malononitrile (1 mmol), and ZnO (0.4 mmol) in H 2 O/EtOH (5 mL/2 mL) was refluxed for the appropriate time. The progress of the reaction was monitored by TLC. After completion of the reaction, the reaction mixture was dissolved in the least amount of hot ethanol needed. The catalyst was removed by simple filtration. The filtrate was concentrated and the obtained crude product was separated and purified by recrystallization from ethanol.
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